We have measured reverse transcriptase enzyme activity per virus particle for samples of avian myeloblastosis virus (BAI strain) and murine leukemia virus (Rauscher) using the synthetic template poly(rC)-oligo(dG). Absolute virus concentrations were determined directly by laser beat frequency spectroscopy. Enzyme activity per virion was determined from the slope of the activity plotted as a function of virus concentration. With this reverse transcriptase assay, the minimum activity (expressed as picomoles of dGTP incorporated/ virion per hour) is estimated at (28.1 ± 4.2) x 10-7 for avian myeloblastosis virus and (1.1 + 0.2) x 10-7 for murine leukemia virus. The sensitivity of this assay, which is determined by the level of incorporated radioactivity measurable above background, is 2.5 x 10-4 virions for avian myeloblastosis virus (with dGTP specific activity of 8.9 Ci/mmol) and 88 x 10-4 virions for murine leukemia virus (with dGTP specific activity of 6.52 CI/mmol). These results show that although reverse transcriptase assays can obviously be used to measure relative virus concentrations of equally purified samples of the same virus, they can be very misleading when used to compare the concentrations of different virus species.
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Since the discovery of RNA-directed DNA polymerase ("reverse transcriptase") by Temin and Mizutani (11) and Baltimore (1), virologists frequently have used this enzyme to identify and quantify RNA tumor viruses. The work of Filbert et al. (3) , for example, demonstrates that the reverse transcriptase activity of the RD-114 virus parallels the induction of virusspecific gs antigen, and thus it can be used as a relative measure of the amount of virus in a preparation.
However, the use of this enzymatic assay as a relative measure of the amount of virus gives misleading results if inhibitors of the reaction, such as RNase, are present in varying amounts. This was observed in assays for the reverse transcriptase activity of mouse leukemia virus added to human milk samples by McCormick et al. (6) . It was also observed that EDTA treatment of mouse leukemia virus preparations completely destroyed reverse transcriptase activity, and that it could not be restored by addition of Mg2+ or Mn2+ (6) . Therefore, although a positive reverse transcriptase test indicates the presence of virus, a negative test is inconclusive because it may result either from the inhibition of the assay by an inhibitor or from too low a concentration of virus particles present in the assayed solution. Thus it is useful to know the reverse transcriptase activity per virion in pure preparations which minimize interference by inhibitors. In this paper we describe experiments that measure the reverse transcriptase activity per virion for two representative RNA tumor viruses.
MATERIALS AND METHODS Virus purification. Avian myeloblastosis virus (AMV, BAI strain) and murine leukemia virus (MuLV, Rauscher) in plasma citrate (a 1:1 dilution of plasma with 0.306 M sodium citrate) were supplied by Joseph and Dorothy Beard and University Laboratories, respectively, through the cooperation of the Virus Cancer Program of the National Cancer Institute. For both MuLV and AMV, two independent preparations of purified virus were made from plasma citrate. Using each of these virus preparations, reverse transcriptase assays were carried out at two dilutions. Virus purification was carried out by discontinuous sucrose gradient centrifugation through a 20% (wt/wt) sucrose cushion onto a 65% (wt/wt) sucrose pad (Spinco SW50.1 rotor, 98,000 x g, 1 h). The viral light scattering band was collected and dialyzed at 4 C against four changes (over a 3-h period) of 0.005-ionic-strength phosphate buffer (Na2HPO4-KH2PO4). The samples were then centrifuged at 21,000 x g for 10 min to remove any aggre- , and 12 mM magnesium chloride for AMV or 0.5 mM manganese chloride for MuLV} were added to bring the 0.050-ml of sample of lysed virus solution to a final volume of 0.100 ml. All reactions were carried out at 37 C. Aliquots of the reaction mixture were removed at 15, 30 and 60 min, and the reaction was terminated with the addition of 1 ml of 10% trichloroacetic acid. After the addition of 0.05 ml of 1.00% yeast RNA as carrier, the samples were kept overnight at 4 C, precipitated on Whatman GF/C glass-fiber filters, washed with 10% trichloroacetic acid, dried at 60 C, and then counted in a xylene-2,5-diphenyloxazole (PPO)-1,4-bis-(5-phenyloxazolyl)benzene (POPOP) scintillation fluid containing 3% NCS solubilizer using a Packard liquid scintillation spectrometer. In all cases the incorporation of [3H]dGTP was linear in time. The data reported below are for 60-min reaction times.
Since metal ions are known to have a particularly large effect on reverse transcriptase activity (13), particular care was taken to optimize the assays with respect to Mg2+ or Mn2+. We then compared these optimized activities with those which we obtained with the metal ion concentrations reported by Waters and Yang (13) for the purified DNA polymerases of these two respective viruses, Verma and Baltimore (12) for the purified polymerase of AMV, and Dion et al. (2) (12) .
Quantification by laser beat frequency light scattering spectroscopy. We have recently demonstrated the use of laser beat frequency light scattering for particle quantification (8) . In brief, laser light is scattered from a suspension of particles which is contained in a rectangular cuvet (5 by 10 mm). Because of the random diffusional motion of the particles, the intensity of the scattered light is time dependent. The random time dependence of the scattered light is reflected in the output photocurrent of the photomultiplier tube which is used to detect the scattered light. This photocurrent is analyzed in terms of its time autocorrelation function, which is obtained as the output of a Saicor model SAI-42 real time correlator. This autocorrelation function generally consists of two exponentially decaying components. (i) Component A (Fig. lb and c These considerations show that the ratio of the intensities of the two components is proportional to the number concentration of the particles, i.e., BIA = 13n0, where no is the number of particles per milliliter of solution and the constant 18 takes into account the actual size of the scattering volume, which relates no to No, as well as the geometrical and optical characteristics of the scattering spectrometer (5). Although 13 can be calculated, it is best to determine it experimentally using samples of particles for which the concentration can be determined directly by dry weight. We determined 13 using samples of 176-nm polystyrene latex spheres. The experimental BIA ratio, combined with the known latex sphere concentration, yields 13. Once the constant 1S was known, virus concentrations were obtained by serially diluting a virus solution until the number fluctuations in the scattering volume contributed sufficiently to the autocorrelation function, so as to give a measurable ratio of B/A. Figure 1 illustrates these considerations with data obtained on MuLV. The proportionality between B/A and concentration is shown in Fig. 2 with respect to these arbitrarily standardized conditions, the activity of the AMV assay is ca. 24 times greater than that of MuLV Table 3 Ringold et al. used poly(rA).oligo(dT) as the synthetic template, "since it confers greater sensitivity to the assay than does the more specific poly(rC)oligo(dG)" (7) . The reason for the relative insensitivity reported by Ringold et al. is not readily apparent. One obvious possibility is that we and Fine et al. (4) determined the virus concentrations by direct methods, whereas Ringold et al. (7) relied on an indirect method which required knowledge of the number of RNA molecules per virion. In any event, the agreement between our data and that of Fine et al. (4) suggests that the sensitivity estimate of Ringold et al. (7) is in error.
